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BELLCOMM, I N C .  
1100 Seventeenth Street, N.W. 

SUBJECT: S e l e c t e d  Comments on Agena and DATE: March 26, 1968 

Washington, D. C. 20036 

T i t a n  I11 Family S t a g e s  
Case 720 FROM: C .  Bendersky  

MEMORANDUM FOR FILE 

T h i s  memo p r e s e n t s  ( u n c l a s s i f i e d )  comments on t h e  
s t a t u s  o f  bo th  t h e  Lockheed Agena Space  P r o p u l s i o n  Sys tems and 
t h e  M a r t i n  T i t a n  I11 b o o s t e r  f a m i l y .  The d a t a  p r e s e n t e d  were 
p r i m a r i l y  o b t a i n e d  d u r i n g  a v i s i t  t o  Lockheed, Sunnyva le ,  Cali-  
f o r n i a ,  J anua ry  2 3  and M a r t i n ,  Denver,  Colorado ,  J a n u a r y  2 4 - 2 5 ,  

1968l. H .  S .  London was p r e s e n t  3t M a r t i n .  T h i s  memo w i l l  d i s -  
c u s s  s p e c i f i c  o p e r a t i o n a l  f e a t u r e s  of  t h e  s u b j e c t  s t a g e s  o f  c u r -  
r e n t  i n t e r e s t  t o  t h e  hlorkshop B & C s t u d y .  The d e t a i l e d  c h a r a c -  
t e r i s t i c s  o f  the s t a s e s  and f l i g h t  per formance  d a t a  a r e  a v a i l a b l e  
upon r e q u e s t  f rom this wri t e r .  T h i s  memo r e p o r t s  i n f o r m a t i o n  
a v a i l a b l e  as o f  February  1, 1 9 6 8  and w i l l  b e  upda ted  as w a r r a n t e d .  

1 . 0  A G E N A  STAGES 

It must b e  emphasized t h a t  t h e  a v a i l a b l e  Aaena h a s  
a c h i e v e d  a h i g h  d e g r e e  o f  r e l i a b i l i t y  t h r o u g h  f l i g h t s  on Thor ,  
Atlas and T i t a n  b o o s t e r s .  For example,  more t h a n  1 0  T i t a n  I I I B /  
Agenas have  been s u c c e s s f u l l y  flown from t h e  Western Test Range 
(NTR) . 

The e x i s t i n g  Agena (SSOIB or Agena D )  i s  5 f t .  i n  
d i a m e t e r ,  weighs approx ima te ly  1 5 , 0 0 0  l b s  and u s e s  Acid/UDMH 
p r o p e l l a n t .  P r e s e n t l y  under  development i s  an advanced Agena 
u s i n g  t h e  Apollo p r o p e l l a n t s  (N204/50-50). A s  c o n c e i v e d ,  t h e  
Agena ( F i g u r e  1) i s  a c o r e  s t a g e  t o  which m i s s i o n  p e c u l i a r  e q u i p -  
ment i s  a t t a c n e d .  Off t h e  s h e l f  " p e c u l i a r s "  i n c l u d e  two v e r s i o n s  
o f  s econdary  p r o p u l s i o n  sys tems (SPS) ( F i g u r e  2 and 3 ) ,  c o l d  g a s  
a t t i t u d e  c o n t r o l  k i t s ,  v a r i o u s  b a t t e r y  and power o p t i o n s ,  es w e l l  
as communication o p t i o n s ,  The Agena h a s  been  used  as a s t a b l e  
p l a t f o r m  p r o v i d i n g  power and commands t o  many v a r i e d  t y p e s  o f  pay- 
loads--maximum i n j e c t e d  pay loads  have exceeded  8000  l b s .  The 
p r e s e n t  Agena e n g i n e  s y s t e m  u s i n g  t h e  B e l l  Aerosystem 8 2 4 7  e n g i n e  
can  r e s t a r t  a t  l e a s t  1 5  times i n  s p a c e .  No a u x i l i a r y  p r o p e l l a n t  
s e t t l i n g  d e v i c e s  a r e  r e q u i r e d .  I n  t h e  m u l t i - r e s t a r t  c o n f i g u r a t i o n  

'An A i r  Fo rce  sponsored  symposium on t h e  T i t a n  I11 f a m i l y  o f  
c o n f i g u r a t i o n s  and c a p a b i l i t i e s  was p r e s e n t e d  t o  a l a r g e  i n d u s t r y  
a u d i e n c e  on J a n u a r y  2 5 .  Topics  o f  t h e  p r e s e n t a t i o n s  may be r e -  
viewed by c o n t a c t i n g  t h i s  w r i t e r ,  
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t h e  pumpfed e n g i n e s  are s t a r t e d  u s i n g  p r e s s u r i z e d  s t a r t  t a n k s .  
The t a n k s  a r e  r e c h a r g e d  w i t h  p r o p e l l a n t s  d u r i n g  main s t a e e  ope ra -  
t i o n .  Approximately 0 . 7  seconds o f  main s t a g e  a r e  r e q u i r e d .  The 
minimum impu l se  b i t  (212,000 l b s - s e c )  r e q u i r e s  a t o t a l  o f  8 0 - l b s  

o f  p r o p e l l a n t s  o f  which 50-lbs are  impu l se  p r o p e l l a n t s  and 30-lbs 
are  a d d i t i o n a l  o x i d i z e r  t o  prime t h e  chamber d u r i n g  s t a r t u p  and 
cool-down t h e  chamber d u r i n g  shut-down. T h i s  minimum impulse  b i t  
i s  o f  t h e  same o r d e r  of  t i m e  as t h e  s t a r t  t a n k  r e c h a r g e  t i m e .  The 
p r o p e l l a n t  u t i l i z a t i o n  can be ve ry  h i g h  as t h e  l a s t  p r o p e l l a n t  
( t r a p p e d  i n  t h e  s c r e e n s ,  sumps and l i n e s )  a r e  s u f f i c i e n t  f o r  a 
f i n a l  ( s a f e )  b u r n .  The advanced ( improved)  Agena i s  i n  r e a l i t y  a 
new s t a g e  u s i n g  Apol lo  p r o p e l l a n t s  ( r a t h e r  t h a n  Acid/UDMH) hav ing  a 
h i g h e r  p e r f o r m i n g  (new) Bell e n g i n e .  Advanced t y p e s  o f  SPS a r e  
p l anned  as w e l l  as a " S h e l l  402" t y p e  o f  h y d r a z i n e  ACS sys t em.  
A v a i l a b i l i t y  i s  p r e s e n t l y  p lanned  f o r  1 9 7 0  ( F i g u r e  4 ) .  Rumors have 
p e r s i s t e d  t n a t  t h e  advanced Agena may b e  c a n c e l l e d .  Lockheed d e n i e s  
t h i s  e m p h a t i c a l l y ;  r a t h e r  Lockheed s t a t e s  t h a t  t h e  program "may" b e  
r e c o n s t r u c t e d  t o  e l i m i n a t e  advanced t y p e s  o f  subsys t ems .  The a v a i l -  
a b i l i t y  of t h e  advanced Agena w h i l e  d e s i r a b l e ,  i s  n o t  n e c e s s a r y  for 
con templa t ed  u s e  i n  o r b i t a l  s u p p o r t  m i s s i o n s .  

1.1 Agena C o s t s  

T,nrkhe!ed s k a t e s  t h a t  t h e y  have  p r e s e n t  comple te  r e s p o n s i -  
b i l i t y  f o r  s a l e  and s e r v i c i n g  o f  Agena s t a g e s .  Lockheed r e s p o n s i -  
b i l i t y  i n c l u d e s  p a y l o a d  i n t e g r a t i o n  down-to and i n c l u d i n g  t h e  sh roud  
( f a i r i n g )  i n s t a l l a t i o n  on t h e  T i t a n  c o r e  ( I I I B )  and all s m a l l e r  
c a p a c i t y  l a u n c h  v e h i c l e s ,  F o r  u se  on l a r g e r  T i t a n s ,  Lockheed has 
d e s i g n e d  (and  mocked up)  a 1 0  f o o t  d i a m e t e r  " f u l l - l e n g t h "  l o a d  
c a r r y i n g  a d a p t e r 2  ( F i g u r e  5) which c o m p l e t e l y  sh rouds  t h e  5 ft. dia-  
meter Agena. T h i s  a d a p t e r  w i l l  b e  i n s t a l l e d  u n d e r n e a t h  t h e  s e l e c t e d  
T i t a n  f a i r i n g  ( e . g . ,  t h e  1 0  ft. d i a .  x 50 ft. l o n g  T i t a n  I I I C  f a i r -  
i n g  now under  development by McDonnell D o u g l a s ) .  A t y p i c a l  Agena 
c o s t  breakdown i s  as f o l l o w s :  

Agena B i r d  $1.1 ( i n c l u d i n g  f u l l - b a r r e l  a d a p t e r )  

S o f t w a r e  & 
Miss ion  
P e c u l i a r  1 . 5  

Launch 
c o s t s  0 . 7  

$3.3 M i l l i o n  p e r  B i r d  * 

*Also c a l l e d  f u l l - b a r r e l  a d a p t e r .  

%Costs  p r o v i d e d  by Lockheed. 
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The e x t e r n a l  f a i r i n g s  a r e  GFE and a re  e s t i m a t e d  to c o s t  abou t  
$100,000. 

It i s  notewor thy  t h a t  Lockheed would e x p e c t  to enp loy  
between 165-to-300 p e o p l e  at t h e  E a s t e r n  T e s t  Range ( E T R )  f o r  l aunch  
s u p p o r t .  
1.2 Rendezvous C a p a b i l i t y  

It i s  t h i s  w r i t e r ' s  c o n s i d e r e d  o p i n i o n  t h a t  an Agena 
can  e a s i l y  b e  made i n t o  an  a c t i v e  rendezvous  s t a g e  w i t h  t r a n s -  
l a t i o n  and s o f t  dock ing  c a p a b i l i t y  by p r o p e r  a d d i t i o n  of SPS & ACS 
modules and s t a t e  of  t h e  a r t  GNC equipment .  I n  f a c t ,  a s t a g e  
h a v i n g  a lmos t  t h i s  c a p a b i l i t y  i s  p r e s e n t l y  undergoing  q u a l i f i c a t i o n  
a t  Lockheed i n  t h e i r  anecho ic  chamber ( d e t a i l s  c l a s s i f i e d ) .  

1 . 3  Space S t o r e a b i l i t y  

Agena p r e s e n t l y  i s  r e q u i r e d  t o  be  p r o p u l s i v e l y  d e o r b i t e d  
a t  m i s s i o n  c o m p l e t i o n .  This  l a s t  f i r i n g  has  been r o u t i n e l y  accom- 
p l i s h e d  a f t e r  o r b i t a l  d u r a t i o n s  i n  e x c e s s  o f  3 months.  No r e s t a r t  
p roblems a re  a n t i c i p a t e d  i n  m i s s i o n  t imes o v e r  a y e a r ,  a l t h o u g h  
Lockheed does  recommend a thorough r e e x a m i n a t i o n  o f  eng ine  compo- 
n e n t s  ( i . e . ,  s e a l s ) .  

1 . 4  A v a i l a b i l i t y  

Lockheed s t a t e d  t h a t  t h e  f i r s t  Agena ( i n  a p r o d u c t i o n  
group f o r  NASA p u r p o s e s )  can be  a v a i l a b l e  18-to-20 months a f t e r  
go-ahead. Each s u c c e e d i n g  b i r d  would r e q u i r e  13 months;  l ess  t ime  
i f  m i s s i o n  p e c u l i a r  subsystems become s t a n d a r d i z e d .  

Atlas Agenas 

The Convai r  A t l a s  buy w i l l  be  completed ( d e l i v e r e d )  b y  
August .  F l i g h t s  a r e  (presumed) s c h e d u l e d  up to 1 9 7 0 .  These b i r d s  
can  p o s s i b l y  be r e t r o - f i t t e d  w i t h  Agenas and f lown o u t  o f  b o t h  
ETR & WTR. (NASA h a s  approved Atlas Centaur  f l i g h t s  s c h e d u l e d  up 
t o  1972). 

1 . 6  F a c i l i t i e s  

F i g u r e  6 p r e s e n t s  t h e  Agena l aunch  f a c i l i t y  s t a t u s .  
WTR can  p r e s e n t l y  h a n d l e  Thorad,  Atlas and T i t a n  IIIB s y s t e m s .  
Only Atlas Agena 's  can  p r e s e n t l y  b e  f lown from ETR. A s  shown i n  
F i g u r e  6 t h e  p r o j e c t e d  c a p a b a l i t i e s  from b o t h  WTR & ETR a re  l a r g e .  
The e s t i m a t e d  c o s t s  o f  p r o v i d i n g  T i t a n  IIIB/Agena c a p a b i l i t y  a t  ETR 
i s  o f  t h e  o r d e r  of $10 m i l l i o n .  Lockheed r e p o r t e d  (on  J a n u a r y  31) 
t h a t  t h e y  were ''90 p e r c e n t ' '  s u r e  t h a t  such  a f a c i l i t y  would be a v a i l -  
a b l e  t o  s u p p o r t  COMSAT as we l l  as A i r  Fo rce  n e e d s .  I n  t h i s  e v e n t  
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t h e  f a c i l i t y  c o u l d  b e  o f  va lue  p a r t i c u l a r l y  f o r  u se  w i t h  t h e  
TALL concept  o f  d i r e c t  unmanned l o g i s t i c  s u p p l y  i n  s u p p o r t  o f  
Augmented LPI l u n a r  s u r f a c e  e x p l o r a t i o n .  

2 

2 . 0  TITAN I11 

The T i t a n  111 p r e s e n t a t i o n  had t h e  a u r a  o f  p r e s c i e n c e  
and s o l i d  accomplishments  complete  w i t h  A i r  Fo rce  b l e s s i n g  i n  t h e  
p r e s e n c e  o f  Colonel  F .  W .  Kniss of  t h e  T i t a n  I11 System Program 
O f f i c e .  The b r i e f i n g  ( c l a s s i f i e d )  was r a t h e r  comple t e .  Copies 
o f  t h e  c h a r t s  are  a v a i l a b l e  from t h e  w r i t e r .  The p r e s e n t l y  ap- 
p roved  T i t a n  I11 c o n f i g u r a t i o n s  a re  shown i n  F i g u r e  7 .  A Mar t in  
p r o v i d e d  T i t a n  I11 c o s t  summary i s  p r e s e n t e d  as T a b l e  1. The 
c o s t s  a r e  n o t  NASA approved .  A d e s c r i p t i o n  o f  t h e  v e h i c l e s  f o l l o w :  

T i t a n  I I I A  - No l o n g e r  i n  p r o d u c t i o n ,  t h e r e f o r e  
n o t  d e s c r i b e d ;  

T i t a n  I I I B  - The two s t a g e  l i q u i d  c o r e .  Con- 
t a i n s  a BTL r a d i o  gu idance .  The T i t a n  IIIB 
b i r d s  have  been  flown w i t h  Agena upper  s t a g e s  
as d e s c r i b e d  i n  s e c t i o n  1 . 0 ;  

m:+--- i I k a i i  l - T T r l  L L L U  - 9ac izz . l l g  t h e  ,ISfl C.yn 1qith tyQ 
s t r a p o n  5zsegment 120-inch d i a m e t e r  s o l i d  r o c k e t  
motors  (SRM) f i r e d  a s  a z e r o  s t a g e ,  p l u s  a t r a n -  
s t a g e .  Guidance i s  t h e  A C  E l e c t r o n i c  i n e r t i a l  
gu idance  sys t em.  The T i t a n  I I I C  has f lown 9 
t imes from t h e  WTR. F i g u r e  8 c o n t a i n s  pay load  
d e s c r i p t i o n s  and f l i g h t  r e s u l t s  o f  t h e  l a s t  f i v e  
m i s s  i o n s  ; 

T i t a n  I I I D  - E s s e n t i a l l y  a T i t a n  I I I C  w i t h o u t  a 
t r a n s t a g e .  Radio guidance  i s  used .  Miss ions  a r e  
c l a s s i f i e d ;  

T i t a n  IIIM - The "Br t  c o r e  has a l e n g t h e n e d  f i r s t  
s t a g e ;  new man-rated h i g h e r  per formance  e n g i n e s  
i n  b o t h  c o r e  s t a g e s  and 7-segment 120- inch  dia-  
meter SRM. The b i r d  i s  d e s i g n e d  t o  i n j e c t  t h e  
MOL d i r e c t l y  i n t o  c i r c u l a r  o r b i t  and t h e r e f o r e  has  
no t r a n s t a g e .  (The second  s t a g e  cannot  r e s t a r t .  
F o r  c o a s t  t y p e  t r a j e c t o r i e s  as used  i n  a l t i t u d e  
changes ,  t h e  T r a n s t a g e  c o u l d  be  added o r  p o s s i b l y  
t h e  Agena) .  

2TALL = Titan/Agena L o g i s t i c s  Lander  
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The T i t a n  I I I M  has man-ra t ing  redundancy i n  c r i t i c a l  
a r e a s .  The A C  E l e c t r o n i c s  i n e r t i a l  g u i d a n c e  sys t em i s  used 
w i t h  t h e  Gemini l a u n c h  v e h i c l e  i n e r t i a l  gu idance  as backup.  

2.1 P r o d u c t i o n  Rates and A v a i l a b i l i t y  

Throughout t h e  whole T i t a n  f a m i l y  "commonality" i s  
t n e  k e y  word. Except  f o r  T i t a n  I I I M ,  t h e  c o r e  v e h i c l e s  a r e  
e s s e n t i a l l y  i d e n t i c a l  w i t h  t h e  e x c e p t i o n  o f  m i s s i o n  p e c u l i a r s  
such  as gu idance .  According to M a r t i n ,  F i g u r e  9 p r e s e n t s  t h e  
A i r  F o r c e  T i t a n  I11 a c c e p t a n c e  s c h e d u l e  f o r  t h e  1968-1971 t ime  
p e r i o d .  The t o t a l  f o r  a l l  b i r d s  i s  51 .  Breakdown o f  t h e  t o t a l  
i n  a c t u a l  t y p e s  of  T i t a n  1 1 1 ' s  i s  c l a s s i f i e d  " s e c r e t "  and t h e r e -  
f o r e  o m i t t e d .  By 1 9 7 0 ,  Mar t in  e x p e c t s  t h e  T i t a n  I11 f a m i l y  pro-  
d u c t i o n  r a t e  t o  b e  1 8  v e h i c l e s  p e r  y e a r .  
r u l e s ,  M a r t i n  s t a t e d  t h a t  a T i t a n  b i r d  f o r  u s e  by  NASA, b u i l t  
from s c r a t c h ,  c o u l d  b e  made a v a i l a b l e  x i t h i n  24  months--- i f  p u l l e d  
from a p r o d u c t i o n  l i n e ,  the  a v a i l a b j r l i t y  c o u l d  be improved t o  13 
weeks from o r d e r ,  Subsequent  c o n v e r s a t i o n s  w i t h  N a r t i n  r e v e a l e d  
t h a t  t h e  1970 p r o d u c t i o n  r a t e  r e p r e s e n t s  h a l f  t h e  p l a n t  and t o o l i n g  
c a p a c i t y .  However, t h i s  e x t r a  t o o l i n g  i s  m o t h b a l l e d .  The same 
c o n d i t i o n s  e x i s t  w i t h  a l l  major  s u b c o n t r a c t o r s  ( e . g . ,  A e r o j e t  
G e n e r a l ) .  
c o s t s  f o r  a n  i n c r e a s e d  p r o d u c t i o n  r a t e .  

Under p r e s e n t  ground 

It i s  n o t  known a t  t h i s  t i m e  t h e  r e q u i r e d  l e a d  t ime  and 

2 . 2  T rans  t age  

The T r a n s t a g e  as e x i s t i n g  ( F i g u r e  10) i s  a 1 0 - f t .  diameter 
b y  1 5  f t .  l o n g  l i q u i d  p r o p e l l a n t  p r o p u l s i o n  sys t em weighing  27,550 
l b s  and i s  used  as a t h i r d  ( l i q u i d )  s t a g e  i n  t h e  T i t a n  I I I C  l aunch  
v e h i c l e .  The T r a n s t a g e  i s  composed o f  a n  a f t  p r o p u l s i o n  module and 
a f o r w a r d  c o n t r o l  module. The p r o p u l s i o n  module c o n t a i n s  two 8000  
l b s  t h r u s t  A e r o j e t  p r e s s u r e  f ed  a b l a t i v e  e n g i n e s  as main p r o p u l s i o n .  
The c o n t r o l  module c o n t a i n s  a l l  t h e  e l e c t r o n i c  s y s t e m s  and t h e  a t t i -  
t u d e  c o n t r o l  sys t em (ACS). Hydrau l i c  power i s  p r o v i d e d  b y  a n  e l e c -  
t r i c a l l y  d r i v e n  pump. The p r e s e n t  l i f e  o f  t h e  T r a n s t a g e  i s  a p p r o x i -  
m a t e l y  6-hours  due p r i m a r i l y  t o  power l i m i t a t i o n s .  A c a p a b i l i t y  f o r  
up t o  24-hours i s  now under  development .  

The T r a n s t a g e  was o r g i n a l l y  programmed f o r  u s e  i n  t h e  
(manned) Dynasoar program and was t h e r e f o r e  t o  be man-rated f o r  A i r  
F o r c e  u s e .  Complete man-ra t ing  was n o t  accompl i shed .  However, man- 
ra ted d e s i g n  s a f e t y  f a c t o r s  ( 1 . 4 )  were s p e c i f i e d  and t h e  main pro-  
p u l s i o n  sys t ems  were developed  u n d e r  "man-ra t ing  c r i t e r i a "  and a r e  
d y n a m i c a l l y  s t a b l e .  A f u r t h e r  s t e p  to man- ra t ing  r e l i a b i l i t y  w i l l  
b e  t h e  use  ( V e h i c l e  1 7 )  of  a new mono-propel lan t  h y d r a z i n e  ACS. 
The s y s t e m  has a c a p a c i t y  o f  6 0 , 0 0 0  l b s - s e e  o f  impulse  and c o n t a i n s  
6 e n g i n e  modules .  Each module has comple te  redundancy ,  i . e . ,  two 
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t i i r u s t e r  m a l f u n c t i o n s  are r e q u i r e d  b e f o r e  module f a i l u r e .  V a r i o u s  
u p r a t i n g s  of t h e  T r a n s t a g e  have b e e n  s t u d i e d  by M a r t i n ;  t h e  most 
n e a r - t e r m  would r e p l a c e  t h e  two A e r o j e t  8000-1bs t h r u s t  e n g i n e s  
b y  a s i n g l e  8533 B e l l  Aerosystems e n g i n e  now under  development  .?or 
advanced Agenas. An 8533 engine  t r a n s t a g e  would i n c r e a s e  p a y l o a d s  
o f  t h e  T i t a n  I I I C  t o  synchronous e q u a t o r i a l  o r b i t s  b y  o v e r  5 0 % :  
nowever,  t he  8533 e n g i n e  would no t  have t h e  "man-rated d e s i g n  f e a -  
t u r e s "  of t h e  p r e s e n t  e n g i n e s .  

M a r t i n  i n d i c a t e d  t h e y  would examine t h e  c a p a b i l i t y  o f  
t n e  T r a n s t a g e  t o  be  mod i f i ed  f o r  use as a unmanned l o g i s t i c  s y s t e m .  

Tile da ta  were p r o v i d e d  t o  H .  S .  London . According  t o  ! J a r t i n ,  t h e  

p r e l i m i n a r y  c o s t  estimate was ( n o t  e x c e e d i n g )  $18 x 1 0  non- recu r r in : .  

4 
6 

2 . 3  Nan-Rating Phi losophy 

To t h i s  wr i te r  t h e  s u b j e c t  o f  man- ra t ing  i s  as c o n f u s i n g  
as t n e  c l e a r e s t  o f  Kafke.  O f  a l l  t h e  T i t a n  I11 v e h i c l e s ,  o n l y  t he  
I I I , 4  v e h i c l e  i s  programmed f o r  man- ra t ing .  "The d e s i g n  p h i l o s o p h y  
f o l l o w e d  t h r o u g h t  t h e  T i t a n  IIIM---that t h e r e  b e  no a b o r t s  be- 
c a u s e  of  t h e  ?+ s i n g l e  f a i l u r e - - - r e q u r i e d  t h e  u s e  o f  r e d u n d a n t  equiDment 
i n  c r i t i c a l  areas".  Thus t he  i n s t r u m e n t a t i o n  sys t em i s  c o m p l e t e l y  
r e d u n d a n t .  The IIIM gu idance  and c o n t r o l  sys t em has a pr ime 
( 3 1 G S ) 5  and a backup (GIGS)". 
s w i t c h o v e r  from BIGS t o  GIGS. Slow m a l f u n c t i o n s  are  d e t e c t e d  b y  
mon i to red  t r a c k i n g  data  on  t h e  ground and by a i r b o r n e  d i s p l a y s  
mon i to red  b y  t h e  crew. Swi tchover  i s  i n i t i a t e d  b y  t h e  f l i g h t  crew.  
Tne m a l f u n c t i o n i n g  sys t em i s  i d e n t i f i e d  b y  compar ison  o f  e a c h  s y s -  
t e x  w i t n  a t h i r d  r e f e r e n c e  sys tem compr ised  o f  a c c e l e r o m e t e r s  and 
r e i e r e n c e  g y r o s .  F l i g h t  c o n t r o l  s e n s o r  and computer  redundancy i s  
p r o v i d e d  by m a j o r i t y  v o t e d  e l e m e n t s .  

c: 
F a s t  m a l f u n c t i o n s  r e s u l t  i n  a u t o m a t i c  

The T i t a n  I I I M  t h r u s t  v e c t o r  con t r ' o l  sys t ems  hzve  cort l3letely 
reciundant h y d r a u l i c s  and power s u p p l i e s  i n  t h e  SRM z e r o  s t a g e ,  have  
p r i r n a r y  and secondary  h y d r a u l i c s  on t h e  f i r s t  l i q u i d  s t a g e  and no 
h y d r a u l i c  backup i n  t h e  second l i q u i d  s t a g e .  The l a t t e r  i s  r e c o n c i l e d  
uased on p a s t  t e s t i n g  e x p e r i e n c e .  

~~ 

' T r i p  Repor t  - " b t i l i z a t i o n  of  T i t a n  I11 Family Launch V e h i c l e s  
f o r  NASA L o g i s t i c s  - D i s c u s s i o n  a t  Mar t in /Denver ,  F e b r u a r y  1 2 ,  1968, 
Case 720  by H .  S .  London dated Februa ry  2 7 ,  1 9 6 8 .  

5 B I G S  = B o o s t e r  I n e r t i a l  Guidance System 

6 G I G , S  = Gemini I n e r t i a l  Guidance Sys tem 
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2.3.1 i.Ia n- fiat e d P r o p u 1 s i o n 

The 1 1 1 1 4  c o r e  l i q u i d  e n g i n e s  were d e s c r i b e d  as "up- 
r a t e d  v e r s i o n s  o f  t h e  T i t a n  I I I C  f i r s t  s t a g e "  and " e s s e n t i a l l y  
t h e  same second s t a g e  engine- -wi th  mods f o r  un ique  f l i g h t - c o n t r o l  
a c t u a t o r s  and redund?.nt and m m - r a t i n g  f e a t u r e s " .  The above two 
q u o t e s  a r e  r e a l l y  "5ongue i n  cheek".  
tem h a s  been  under  development s i n c e  1965. 
s c n e d u l e d  f o r  q u a l .  i n  mid 1 9 6 8 .  
b e  dynamica l ly  s t a b l e ,  w i l l  have s u b s t a n t i a l l y  improved or new com- 
p o n e n t s ,  and r edundan t  w i r i n g .  In a d d i t i o n ,  t h e  f i r s t  s t a g e  e n g i n e s  
have improved ISD ( 6  s e c o n d s )  and g rea t e r  t h r u s t ( 5 2 0 , 0 0 0  l b s  v e r s u s  
474,000 l b s )  a t  sea l e v e l .  A f t e r  development  t h e s e  e n g i n e s  w i l l  b e  
i n s t a l l e d  i n  a l l  T i t a n  I11 launch  v e h i c l e s .  

In r e a l i t y  a new eng ine  s y s -  
The e n g i n e s  a r e  

Both s t a g e  I and I1 e n q i n e s  w i l l  

2.3.2 O t h e r  T i t a n  I11 Man-Rated Systems 

r a t  
w i l  
t i o  
I11 
o f  

As s t a t e d  p r e v i o u s l y ,  on ly  t h e  T i t a n  I I I Y  i s  to be  "man- 
However, a f t e r  t h e  I I I Y  main p r o p u l s i o n  i s  q u a l i f i e d  t h e y  e d ' .  

1 have become s t a n d a r d  on a l l  approved  T i t a n  v e h i c l e s .  I n  add i -  
In, t h e  I I i l Y  c o r e  w i l l  have t h e  man-rated f e a t u r e s .  The T i t a n  
B h a s  t n e  c a p a b i l i t y  of  l i f t i n g  a Gemini 2 man s p a c e c r a f t  to most 
t h e  o r b i t s  o f  i n t e r e s t  f o r  t h e  o r b i t a l  workshop s t u d y .  It was 

, , l l c I c ~ u I c  ~L,.,,,c*III to zsk  F a r t i n  3-s t n  t h e  nuances  and c o s t s  o f  hav- 
i n <  maz-ra ted  lovier pay load  T i t a n  v e h i c l e s  based  on t h e  IIIM v e h i c l e .  
P o s s i b l e  approaches  a r e :  

L l - - - - - r . - . - -  , . . h v ) m n T l ?  

(1) Use t h e  IIIP'I c o r e  t o  make a new T i t a n  I I I B ,  

(2) Man-rate t h e  p r e s e n t  I I I B 7  c o r e  w i t h  IIIM 
s y s t e m s ,  

( 3 )  Man-rate T i t a n  I I I D  o r  I I I C  b i r d s  e i t h e r  u s i n s  
I I I B  o r  I I I M  c o r e s .  ( T h i s  would r e q u i r e  a man- 
r a t ed  5-segment SRi4 sys t em and p o s s i b l y  a l s o  
t h e  Trans  t age ) . 
A t  t h e  t i m e  o f  t h e  memo, M a r t i n  i n d i c a t e d  t h e y  would i n -  

v e s t i g a t e  t h e  a rea  and p rov ide  per formance  d a t a ,  recommendations 

and c o s t .  The s u b j e c t  i s  d i s c u s s e d  i n  a memo b y  H .  S .  London 4 . 
2 . 4  Bulbous Pay loads  

Many o f  t h e  c a n d i a t e  NASA p a y l o a d s  f o r  T i t a n  I11 v e h i c l e s  
r e q u i r e  "bu lbous"  o r  hammerhead c o n f i g u r a t i o n s .  Mar t in  p r e s e n t e d  

'The T i t a n  I I I M  c o r e  i s  a l e n g t h e n e d  f i r s t  s t a g e  v e r s i o n  o f  
t h e  I I I B  c o r e .  



c: ‘* 
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t i l e  a v a i l a b l e  d a t a  on t h e  config1 r a t  i o n s  i n d  t u n n e l  t e s t e d  
aind/or a n a l y z e d .  The r e s u l t s  aFe p r e s e n t e d  i n  F i g u r e  11 as 
based on t h e  f o l l o w i n P  as sumpt ions :  (1) a n n u a l  winds o f  NASA 
TlJ D-619, ( 2 )  93”  launcl l  az imuth ,  220’ wind az imuth ,  and (3) 
m-x t r a j e c t o r y  quB” of  3800 l b s / f t  . Tdo l i m i t a t i o n s  wt:re found 
t o  e x i s t :  (1) a minimum l e n g t h - t o - d i a m e t e r  l i m i t  o f  1.1 caused  
ojr t r a n s o n i c  S u f f c t i n g  e f f e c t s  and ( 2 )  an  o v e r a l l  l e n g t h  l i m i t a -  
t i o n  caused  b y  irnpnct and wind p l a c a r d s .  

2 Q 

The d a t a  o f  F i g u r e  11 a l t h o u g h  s t a t e d  t o  b e  based on 
T i t a n  I I I D  are a l s o  v a l i d  f o r  t h e  1 1 1 1 4 .  However, t h e  d a t a  are  
v a l i d  f o r  non-insnned s a f e t y  f a c t o r s  o f  1 . 2 5  r a t h e r  t h a n  for t h e  
usual 1.40 of man-rated sys t ems .  I n  a d d i t i o n ,  t h e  msx qaB v a l u e  
o f  3dOO i s  proLably t o o  h i g n  f o r  a man-rated s y s t e m .  

‘I’he launci i  p r o > a b i l i t y  v a l u e s  o f  F i g u r e  11 a r e  based  
on a y e a r l y  launci i  c y c l e .  If one c o u l d  lirnit l a u n c h  da tes  t o  
t i l o se  months h a v i n g  more faT-orable winds ( i . e .  , omit  J a n u a r y ,  
F e o r u a r y ,  and .vlarcn) t he  l aunch  p r o b s b i l i t y  would b e  s i z n i f i c a n t l y  
i n p r o v e d .  Mar t in  s a i d  t h e y  Nould rework F i y u r e  11 t o  a c c o u n t  for 
a c c e p t a o l e  man-rated p r a c t i c e  and would p r e s e n t  t h e  r e s u l t i n g  
launcr; p r o b a b i l i t y  d a t a  on a reduced  p e r i o d  as w e l l  as a y e a r l y  
bas i s .  

2.5 Growth T i t a n  Vers ions  

Mar t in  has s t u d i e d  s e v e r a l  growth v e r s i o n s  o f  T i t a n  I T 1  
v e i i i c l e s  b o t h  w i t n  and w i t h o u t  t r a n s t a g e  o p t i o n s .  The rnajor con- 
c e p t s  of new l auncn  v e h i c l e s  a r e  t h e  T i t a n  I I I F  and T i t a n  I I I G .  

Tine T i t a n  I I I F  i s  a non man-rated T i t a n  IIIrl p l u s  t r a n -  
s t age .  Man-rat ing redundancy and u n n e c e s s a r y  equipment  ar’e e l i m i -  
n a t e d .  S u b s t a n t i a l  r e d u c t i o n s  i n  u n i t  p r i c e  o f  t h e  b a s i c  I I I M  a re  
p o s s i b l e  th rough  the  r e l a x a t i o n  o f  man- ra t ing  a c c e p t a n c e  t e s t s .  A 

a 
I I I F  b i r d  can  i n c r e a s e  e q u a t o r i a l  synchronous  p a y l o a d  up t o  70%’ 
o v e r  a ‘ I ’ I I I C .  

The T i t a n  I I I G  has a 15 f t .  d i a m e t e r  c o r e  w i t h  a 4 e n g i n e  
f i r s t  s t a g e ,  and can  use  7-segment 120-inch o r  5-segment 156- inch  
d i a m e t e r  SRM. Low e a r t h  o r b i t  pay loads  up to 1 0 0 , 0 0 0  l b s  a re  
c la i rned .  M a r t i n  has g e n e r a t e d  a s e r i o u s  sales  e f f o r t  t o  s e l l  t h i s  
v e h i c l e  i n  c o m p e t i t i o n  t o  tne S a t u r n  d e r i v a t i v e  i n t e r m e d i a t e  f a m i l y  
( e . g . ,  I N T - 2 0 ) .  

‘ 0 6  i s  t h e  v e c t o r  sum of  t h e  a n g l e s  o f  a t t a c k  i n  t h e  p i t c h  

’Requires  h e a v i e r  t r a n s t a g e .  

and yaw p l a n e s .  

With p r e s e n t  t r a n s t a g e  w e i g h t ,  
s y n c .  e q .  p a y l o a d  i s  of  t h e  o r d e r  o f  2 6 %  g r e a t e r  t h a n  T i t a n  I I I C .  
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It  must b e  i t e r a t e d  t h a t  t h e  above T i t a n  I11 v e h i c l e s  
a re  n o t  approved  a t  t h e  p r e s e n t  t i n e .  

T i t a n  111 Launch F a c i l i t i e s  2.6 . 

A t  t n i s  p o i n t  i n  t ime o n l y  T i t a n  I I I C  c a n  b e  f lown  
from t h e  E a s t e r n  T e s t  Range ( E T R )  and T i t a n  I I I B  f rom t h e  Wes te rn  
T e s t  Range (WTR). A t  ldTR t h e  e x i s t i n g  Atlas/Agena l a u n c h  pad  
(SLC-4 east$' i s  b e i n g  c o n v e r t e d  50  u s e  w i t h  t h e  T i t a n  I I I D  and a 
new pad  (SLC-6) i s  u n d e r  c o n s t r u c t i o n  f o r  u s e  o f  T i t a n  I I IM/VOL 
l a u n c h e s .  

A t  E'l'h, t n e  T i t a n  I I I C  i s  l aunched  from t h e  ITL" which 
c o n s i s t s  o f  Launch Complexes 40 and 4 1 .  A t  p r e s e n t  o n l y  Launch 
Complex 4 1  i s  i n  u s e .  The complex i n c l u d e s  a v e r t i c a l  i n t e g r a t i o n  
b u i l d i n g  (VIB), and a s o l i d  motor a s s e m b l y  b u i l d i n g  (SMAR). The  
VIB i s  used  f o r  r e c e i p t  and checkout  o f  t h e  c o r e  v e h i c l e  and has 4 
t e s t  c e l l s  and 3 c o n t r o l  c e n t e r s  o f  which 1 s e t  i s  o p e r a t i s n a l .  
Ti le  SMAB i s  used  for SRi'4 segment a s s e m b l y  and m a t i n g  t o  t h e  c o r e ;  
i t  has 4 a s s e m b l y  b a y s .  Cur ren t  c o n t r a c t  o b l i g a t i o n s  a re  t o  sup-  
p o r t  a l a u n c h  r a t e  o f  f o u r  p e r  y e a r  i n  a 13-week c y c l e .  I t  i s  nota- 
w o r k h y  t h a t  t h e  M a r t i n  ETR crew s u p p o r t i n g  4 l a i inches  D e r  vear  i s  
o n l y  B O  peoDle.  The t o t a l  I I I C  a s s o c i a t e  c o n t r a c t  p e o p l e  a p p r o x i -  
mate t w i c e  t h a t  number. Thus a t o t a l  o f  2 4 0  p e o p l e  a re  r e q u i r e d  f o r  
4 T i t a n  I I I C  l a u n c n e s  p e r  year (:$7 x 10 6 12 p e r  y e a r ) .  

M a r t i n  has examined approaches  t o  i n c r e a s e  t h e  l a u n c h  
r a t e  a t  ETR. Fo r  example ,  a r a t e  of 6 p e r  year  i s  p o s s i b l e  b y  auy- 
merit ing t h e  crew and p r o v i d i n g  o v e r t i m e ,  8 p e r  y e a r  u s i n q  tLu.Jo c rews ,  
1 7 - 2 0  l a u n c h e s  p e r  y e a r  on one l a u n c h  pad  b y  u s i n q  two V I B  c e l l s ,  
two s h i f t s ,  o v e r t i m e  and weekends. Using b c t h  l a u n c h  pads and 3 
V I B  c e l l s ,  30-40 l a u n c h e s  cou ld  b e  programmed w i t h  a 15 d a y  t u r n -  
a r o u n d ,  Near s i m u l t a n e o u s  l aunch  ( w i t h i n  2 h o u r s )  o f  two v e h i c l e s  
a r e  t i ien  p o s s i b l e .  The l a t t e r  r a t e  i s  t h e  'naximum p o t e n t i a l  or t h e  
c u r r e n t  I T L .  

F o r  c o n v e r s i o n  o f  an  I T L  pad t o  IIIX o r  I I I F  u s a g e ,  
M a r t i n  recommends a n  "on-pad" 7-segment motor  a s s e m b l y .  Thus t h e  
SMAB would b e  bypassed .  T h i s  concep t  r e s u l t s  i n  a s t r a g h t f o r w a r d  
low c o s t  approacn  o f  minor  mods. These mods a re  a s s o c i a t e d  w i t h  
s t i f f e n i n g  the t r a n s p o r t e r ,  r e l o c a t i n g  s e r v i c e  p l a t f o r m s ,  r a i s i n g  
t h e  h e i g h t  o f  t h e  ( U E S )  l a u n c h  pad  s h e l t e r  and s t r u c t u i . e  mods 
( i . e . ,  c o n c r e t e )  t o  p r o t e c t  a g a i n s t  t h e  l a r z e r  o v e r p r e s s u r e  g e n e r a t e d  
b y  t h e  I I I M  7-segment SRM's. A man- ra t ing  IIIM t y p e  o f  ground check- 
o u t  equipment  would also be r e q u i r e d .  

'"SLC = Space  Launch Complex 

"ITL = I n t e g r a t e  T r a n s f e r  Launch F a c i l i t y  

'*Data p r o v i d e d  by Martin 
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A t  WTR t h e  T i t a n  I I I M  (P40L) f a c i l i t y  (SLC-6) and 
t h e  T i t a n  I I I D  f a c i l i t y  (SLC-4E) a re  d e s i g n e d  f o r  on-pad S R N  
a s sembly .  The d e s i g n  o f  t h e  I I I M  f a c i l i t y  has c o n s i d e r e d  up- 
r a t i n g  for l a r g e r  T i t a n  v e h i c l e s  i n c l u d i n g  t h e  15 f t .  d i a m e t e r  
c o r e ,  5-segment 156- in .  d i a m a t e r  SRM T i t a n  IIIG c o n f i g u r a t i o n .  
Launch c a p a b i l i t i e s  a t  WTR were n o t  made a v a i l a b l e  a t  t h e  t i m e  
o f  t h i s  memo. 

1013-CB-s j h  

A t  t a c  hment s I 
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TABLE 1 Cost Data 

See  Writer for Copy.  
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These members of t h e  T i t a n  111 

f a m i l y  of l a u n c h  v e h i c l e s  have  

f lown  o r  a r e  p a r t  of a f i r m  d e -  

ve lopment  program. O t h e r  con- 

f i g u r a t i o n s  d i s c u s s e d  i n  t h i s  

p r e s e n t a t i o n  a r e  n o t  o f f i c i a l l y  

approved  b u t  a r e  unde r  s t u d y  as  

a par t  o f  t h e  T i t a n  111 growth  

p o t e n t i a  1. 

FIGUFiE 7 
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16 JUS 66 

c - 1 1  

B COhISATS 

hlISSION 
ACCOIMPLISII . 
ED; 18,200 
N MI CIIIC. 
ORBIT 

--- 
3 SOV 66 

c - 9  

GEMINI B 
REENTRY 
MODULE 

SIM. LAB 
(26 EXPRS) 

3 SATELLITES 
OV 1-6  
OV 4-1T 
OV 4-1R 

SIMULATING RE-  
TURN FROM 
ORBIT; SATS 
WERE INJECTED 
INTO A 1 G O  N MI 
CIRC. ORBIT 

18 JAN 67 

C-13 

3 COMSATS 

MISSION 
ACCOMPLISH - 
ED; 18,200 
N MI CIRC. 
ORBIT 

Summary of  t h e  f i v e  o t h e r  T i t a n  IIIC f l i g h t s  made 

t o  d a t e .  Vehicle  C-9 o r b i t e d  a s i m u l a t e d  MOL ve-  

h i c l e  c o n t a i n i n g  t l i e l v e  s c i e n t i f i c  e x p e r i m e n t s .  

Data w e r e  r e c e i v e d  from t h e  l a b o r a t o r y  f o r  30 d a y s .  

The  sync l i ronous  o r b i t  m i s s i o n  w i t h  e i g h t  communi- 

c a t i o n  s a t e l l i t e s  a s  pay load  i s  c o n s i d e r e d  t h e  

most complex f 1 i g h t  s equence  d r m o n s t r a t e d  t o  d a t e .  

28 A P R  67 

c - 1 0  
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INTERSTAGE 

MISSIOK 
ACCOMP- 
LISHED; 
4280/62,000 
N MI ELLIP.  
ORBIT 
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The c u r r e n t  s c h e d u l e  of  a c c e p t a n c e  of  T i t a n  III 

v e l i i c l e s  by t h e  A i r  F o r c e .  

a f i r m  p r o d u c t i o n  b a s e  ove r  t h e  nex t  f o u r  y e a r s  

t ha t w i 1 1 s t a  b i 1 i z e manu f a c t IJ r i n  g and ove r 11 cad 

c o s t s  and e n s u r e  ma in tenance  of h i g h - q u a l i t y  

s k i l l s  a n d  e x p e r i e n c e .  

p r o d u c t i o n  r a t e  i s  a n t i c i p a t e d  t o  be 18 v e h i c l e s  

pcr,year o r  one e v e r y  20 days. 

The s c h e d u l e  shows 

By 1970 t h e  T i t a n  111 

F I G U R E  9 



Basic  c h a r a c t e r i s t i c s  of  t h e  T i t a n  I11 T r a n s t a F e .  

Detaj.ls of m i s s i o n  f l e x i b i l i t y  a r e  p rov ided  i n  

t h e  p r e s e n t a t i o n  on p-ayload c a p a b i l i t i e s .  

T h i s  i s  t h e  improved Trans  t a g e  c o n f i g u r a t i o n  t o  

be i n c o r p o r a t e d  i n  V e h i c l e  1 7 .  The T r a n s t a g e  

c o m p r i s e s  t h e  p r o p u l s i o n  module ( a f t )  a n d  t h e  

c o n t r o l  module ( f o r w a r d ) .  The p r o p u l s i o n  module 

c o n t a i n s  t h e  two SOOO-lb t h r u s t  e n g i n e s ,  p r o p e l -  

l a n t  t a n k a g e ,  and p r e s s u r i z a t i o n  s y s t e m s .  The 

c o n t r o l  module c o n t a i n s  a l l  t h e  e l e c t r o n i c s  sys- 

tems and  he  a t t i t u d e - c o n t r o l  sys t em.  H y d r a u l i c  

power i s  p r o v i d e d  by a n  e l e c t r i c a l l y  d r i v e n  pump. 

I 

ti 

FIGURE 10 
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I 

T h i s  c h a r t  Shows l a u n c h  p r o b a b i l i t y  ( p r o b a b i l i t y  . 
of  wind c o n d i t i o n s  r ema in ing  w i t h i n  imposed - p l a c -  

r 
' a r d )  f o r  v a r i o u s  bu lbous  paq load  s i z e s .  IA t h e  

case's  where  two i d e n t i c a l  d i a m e t e r s  a r e  l i s t e d ,  

the f i r s t  i s  matclied w i t h  t h e  minimum a l l o v a b l e  

c y l i n d e r  l e n g t h  (L/D = 1.1) , a n d  t h e  second  is' 
matched w i t h  a t y p i c a l  c y l i n d r i c a l  l e n g t h .  T h i s  

*d * 

I 

- a n a l y s i s  was based  on t h e  u s e  of t h e  T i t a n  IIID 

:'chicle. 

. (  - 

' .' 
. 5  

, 

I ! 

MOTES: (1) Annual winds o f  N A S A  TND-610 
(2,) 93' l a u n c h  az imuth ,  220'  wind a z i m u t h  

( 4 )  Val id '  f o r  T i t a i l  3rJ! 
- ( 3 )  iyax q c l B  = 3800 l b s / f t 2  

F I G U R E  11 
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